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(54) A method for producing an epitaxial silicon single crystal wafer and the epitaxial single 
crystal wafer 

(57) There is disclosed a method for producing an 
epitaxial silicon single crystal wafer comprising the 
steps of growing a silicon single crystal ingot wherein 
nitrogen is doped by Czochralski method, slicing the sil- 
icon single crystal ingot to provide a silicon single crys- 
tal wafer, and forming an epitaxial layer in the surface 
layer portion of the silicon single crystal wafer. 

There can be manufactured easily and in high pro- 
ductivity an epitaxial silicon monocrystal wafer which 
has high gettering capability when a substrate having a 
low boron concentration is used, a low concentration of 
heavy metal impurity, and an excellent crystal! inity. 
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Description 

BACKGROUND OF THE INVENTION 

Field of the Invention: 5 

[0001] The present invention relates to a method for 
producing an epitaxial silicon single crystal wafer, and 
an epitaxial silicon single crystal wafer having low con- 
centration of heavy metal impurity and excellent crystal- 10 
linity. 

Description of the Related Art 

[0002] An epitaxial silicon single crystal wafer has is 
been used since a long time ago as a wafer for produc- 
ing a discrete semiconductor or a bipolar IC. It has also 
been used for MOS LSI since it hardly causes software 
error and has excellent latch up property, and therefore 
has been used for a microprocessor unit or as a flash 20 
memory device. Furthermore, in order to reduce reliabil- 
ity failure of DRAM due to grown-in defects, needs for 
the epitaxial silicon single crystal wafer is gradually 
increasing. 

[0003] When heavy metal impurity is present in the 25 
epitaxial silicon single crystal wafer used for a semicon- 
ductor device, characteristics of the semiconductor 
device are degraded. Particularly, cleanliness which is 
required for an advanced device is considered to be a 
concentration of heavy metal impurity of 1 x 10 9 30 
atoms/cm 2 or less. Accordingly, heavy metal impurity 
has to be reduced as much as possible. 
[0004] There has been increased importance of get- 
tering technology which is one of techniques for reduc- 
ing such a heavy metal impurity. Conventionally, a 35 
substrate having high boron concentration (for example, 
3 x 10 18 atoms/cm 3 or more, 0.02Q • cm or less) which 
is excellent in gettering effect has been used for produc- 
ing an epitaxial silicon single crystal wafer. Accordingly, 
high device yield has been achieved in the epitaxial sili- *o 
con single crystal wafer compared to the silicon single 
crystal wafer having general (ordinary or medium) resis- 
tivity produced by Czochralski method. 
[0005] However, along with a recent tendency to use 
a substrate having lower boron concentration than that 45 
of the conventional substrate as an epitaxial silicon sin- 
gle crystal wafer for CMOS device, there is caused a 
problem of lower gettering capability compared to a 
substrate having high boron concentration. Moreover, 
the problem of low gettering capability is caused even in 50 
the substrate having high boron concentration depend- 
ing on the concentration. 

[0006] In the case of a high boron concentration sub- 
strate having a resistivity less than 0.1 Q • cm, there are 
problems that there is easily caused auto-doping 55 
wherein impurity vaporized from the substrate during 
epitaxial growth is incorporated again into the epitaxial 
layer and impurity is incorporated from the surface of 
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the substrate to the epitaxial layer by solid phase out- 
diffusion. Since the resistivity of the epitaxial layer may 
be changed as a result of auto-doping, it is necessary to 
take measures such as CVD coating of the substrate 
with Si02, which may lead to low productivity andjiigh 
production cost. 

SUMMARY OF THE INVENTION 

[0007] The present invention has been accomplished 
to solve the above-mentioned problems, and a main 
object of the present invention is to provide a method of 
producing easily and in high productivity a epitaxial sili- 
con single crystal wafer wherein high gettering capabil- 
ity can be maintained even when using the substrate 
having low boron concentration, low concentration of 
heavy metal impurity can be achieved, and crystallinity 
is excellent. 

[0008] To achieve the above mentioned object, the 
present invention provides a method for producing an 
epitaxial silicon single crystal wafer characterized in that 
a silicon single crystal ingot in which nitrogen is doped 
is grown by Czochralski method, and the resultant sili- 
con single crystal ingot is sliced to produce a silicon sin- 
gle crystal wafer, and then an epitaxial layer is formed in 
the surface layer portion of the resultant silicon single 
crystal wafer. 

[0009] As described above, when the epitaxial silicon 
single crystal wafer is produced by the method wherein 
a silicon single crystal ingot in which nitrogen is doped 
is grown by Czochralski method, and the resultant sili- 
con single crystal ingot is sliced to produce a silicon sin- 
glexrystal wafer, and then an epitaxial layer is formed in 
the surface layer portion of the resultant silicon single 
crystal wafer, oxygen precipitation can be accelerated in 
a bulk portion of silicon single crystal wafer because of 
presence of nitrogen, and thereby, there can be 
obtained the epitaxial silicon single crystal wafer 
wherein high gettering capability can be maintained 
even when using the substrate having low boron con- 
centration and low concentration of heavy metal impu- 
rity can be achieved. 

[0010] It is preferable that a concentration of nitrogen 
doped in the single crystal ingot is in the range of 1 x 
10 10 to5 x 10 1 5 atoms/cm 3 when the silicon single crys- 
tal in which nitrogen is doped by Czochralski method is 
grown. 

[0011] Because, the concentration of 1 x 10 10 or more 
is preferable in order to sufficiently suppress the growth 
of crystal defects in the silicon wafer with nitrogen, and 
the concentration of 5 x 10 15 atoms/cm 3 or less is pref- 
erable so as not to prevent crystallization of the silicon 
single crystal in Czochralski method. 
[0012] It is further preferable that a concentration of 
nitrogen doped in the single crystal ingot is in the range 
of 1 x 10 13 to 1 x 10 14 atoms/cm 3 when the silicon sin- 
gle crystal in which nitrogen is doped is grown by Czo- 
chralski method. 
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[0013] Because, when the nitrogen concentration is 1 
x }0 13 atoms/cm 3 or more, nuclei of oxygen precipita- 
tion which "are stable at a high temperature can be 
surely formed in the as-grown silicon single crystal 
immediately after grown, so that the nuclei of oxygen 5 
precipitation are not eliminated and there can be surely 
produced an epitaxial wafer wherein the density of oxide 
precipitates after the heat treatment for oxygen precipi- 
tation following to epitaxial growth is 1 x 10 8 
number/cm 3 or more, even if the epitaxial growth is per- 10 
formed at a high temperature, for example, more than 
1000°C. 

[0014] When the nitrogen concentration is 1 x 10 14 
atoms/cm 3 or less, formation of crystal defects such as 
stacking fault (SF) in the epitaxial layer is significantly is 
suppressed. 

[001 5] As used in the present invention, the heat treat- 
ment for oxygen precipitation means, for example, a 
heat treatment at 800 °C for 4 hours in a nitrogen 
atmosphere followed by a heat treatment at 1 000 °C for 20 
16 hours in an oxygen atmosphere. 
[0016] It is preferable that interstitial oxygen concen- 
tration contained in the single crystal ingot is 18 ppma 
or less (JEIDA: Japan Electronics Industry Develop- 
ment Association). 25 
[0017] When the oxygen concentration is low as 
above, formation of crystal defects in the silicon wafer 
can be suppressed, and formation of oxide precipitates 
in the surface layer can be prevented, and thus the crys- 
tallinity of the epitaxial layer is hardly deteriorated. Fur- 30 
thermore, since oxygen precipitation is accelerated in a 
bulk portion due to the presence of nitrogen, sufficiently 
large gettering effect can be achieved in low oxygen 
concentration. 

[0018] It is preferable that the silicon single crystal 35 
wafer is subjected to the heat treatment of from 900 °C 
to a melting point of silicon before the epitaxial layer is 
formed in the surface layer portion of the silicon single 
crystal wafer. 

[0019] When the silicon single crystal wafer is sub- 40 
jected to the heat treatment of from 900 °C to a melting 
point of silicon before the epitaxial layer is formed as 
described above, nitrogen or oxygen in the surface layer 
of the silicon single crystal wafer can be out-diffused, 
and the crystal defects in the surface layer of the silicon 45 
single crystal wafer can be significantly decreased, so 
that the crystallinity of the epitaxial layer is prevented 
from being deteriorated. In that case, the nuclei of pre- 
cipitation are not dissolved, when the high temperature 
heat treatment for forming the epitaxial layer is per- so 
formed. Accordingly, sufficient gettering effect can be 
achieved. 

[0020] It is preferable that the above-mentioned heat 
treatment is performed in an atmosphere of hydrogen, 
inert gas or a mixed atmosphere thereof, for at least 30 ss 
seconds. 

[0021] When the heat treatment is performed in an 
atmosphere of hydrogen, inert gas or a mixed atmos- 



phere thereof, the nuclei of oxidation induced stacking 
fault (OSF) is not grown, a film is not formed on the 
wafer, oxygen and nitrogen in the surface layer of the 
wafer can be surely out -diffused, and the crystal defects 
on the surface layer of the wafer can be decreased. The 
heat treatment for at least 30 seconds makes the effect 
of the heat treatment sufficient. 

[0022] It is preferable that the resistivity of the silicon 
single crystal wafer is 0.1 Cl • cm or more. 
[0023] According to the present invention, it is possi- 
ble to produce an epitaxial wafer having low concentra- 
tion of the heavy metal impurity owing to high gettering 
effect even when the silicon single crystal having high 
resistivity and low boron concentration is used. Accord- 
ingly, the method of the present invention can be 
applied to production of the epitaxial silicon single crys- 
tal wafer which is used for a substrate for CMOS device 
with a high resistivity or the like. Furthermore, when the 
boron concentration is low, auto-doping is hardly 
caused, so that the treatment for preventing auto-dop- 
ing is not necessary, and thereby productivity and cost 
performance can be improved. 

[0024] The silicon single crystal wafer produced 
according to the method of the present invention is, for 
example an epitaxial silicon single crystal wafer 
obtained by forming an epitaxial layer on a surface layer 
portion of the silicon single crystal wafer manufactured 
by slicing a silicon single crystal ingot grown by Czo- 
chratski method with doping nitrogen. 
[0025] The silicon single crystal wafer has preferably 
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a nitrogen concentration of 1 
atoms/cm 3 , or more preferably 1 x 10 13 to 1 
atoms/cm 3 . 

[0026] As described above, when the epitaxial wafer 
is produced by forming an epitaxial layer on*the silicon 
single crystal wafer wherein the nitrogen concentration 
of the silicon single crystal wafer is appropriately con- 
trolled, the crystallinity of the epitaxial layer can be fur- 
ther improved. 

[0027] When the nitrogen concentration of the silicon 
single crystal wafer is 1 x 10 13 to 1 x 10 14 atoms/cm 3 , it 
is possible to decrease the defect density on the surface 
of the epitaxial layer to 0.3 number/cm 2 or less. 
[0028] As described above, in the epitaxial silicon sin- 
gle crystal wafer of the present invention, when nitrogen 
is doped in an adequate amount, the defect density on 
the surface of the epitaxial layer can be surely 
decreased to a very low level as 0.3 number/cm 2 . When 
the epitaxial wafer is used for production of a device, 
degradation of an oxide dielectric breakdown voltage or 
the like is hardly caused due to such a high crystallinity 
of the epitaxial layer, so that device yield can be signifi- 
cantly improved. 

[0029] The oxygen concentration of the silicon single 
crystal wafer can be 18 ppma or less. 
[0030] When the epitaxial wafer is the silicon single 
crystal wafer wherein the epitaxial layer is formed on the 
surface thereof, the crystallinity of the epitaxial layer is 
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hardly deteriorated by formation of oxide precipitates in 
the surface layer. In the bulk portion, oxygen precipita- 
tion is accelerated by the presence of nitrogen, so that 
gettering effect can be maintained even in low oxygen 
concentration. 5 
[0031 ] It is preferable that the above-mentioned silicon 
single crystal wafer contains the nuclei of the oxygen 
precipitation in the as-grown silicon single crystal ingot 
in such an amount that the density of oxide precipitates 
formed by the heat treatment for oxygen precipitation 10 
after epitaxial growth may be 1 x 10 s number/cm 3 or 
more. 

[0032] "As-grown" herein means a state wherein no 
heat treatment is performed after the silicon single crys- 
tal ingot is pulled, or the condition wherein only the 15 
donor annihilation heat treatment which is generally 
performed is performed. 

[0033] In production of the epitaxial silicon single crys- 
tal wafer of the present invention, the silicon single crys- 
tal ingot is grown with doping nitrogen, and therefore the 20 
silicon single crystal ingot immediately after being 
grown, namely the as-grown silicon single crystal has a 
lot of nuclei of oxygen precipitation which are stable at 
high temperature. Accordingly, even when the epitaxial 
growth is performed at a high temperature, the nuclei of 25 
the oxygen precipitation are not eliminated, and it is 
possible to obtain a high gettering effect that the density 
of oxide precipitates is 1 x 10 8 number/cm 3 or more 
after the heat treatment for the precipitation following to 
the epitaxial growth. 30 
[0034] It is preferable that the silicon single crystal 
wafer is subjected to the heat treatment at a tempera- 
ture in the range of from 900 °C to a melting point of sil- 
icon before the epitaxial layer is formed. 
[0035] When the heat treatment is performed before 35 
the epitaxial growth, generation of defects such as 
stacking faults (SF) formed on the epitaxial layer can be 
suppressed. Accordingly, the epitaxial silicon single 
crystal wafer wherein the epitaxial layer is formed in the 
surface layer of the silicon single crystal wafer contains 40 
very few crystal defects in the surface layer portion, and 
has a high gettering effect in the bulk portion, so that 
good crystallinity and the low concentration heavy metal 
impurity can be achieved in the surface layer of the epi- 
taxial silicon single crystal wafer. 45 
[0036] It is preferable that the above-mentioned silicon 
single crystal wafer is subjected to the heat treatment in 
an atmosphere of hydrogen, inert gas or a mixed atmos- 
phere thereof, for at least 30 seconds before the forma- 
tion of the epitaxial layer on the surface layer portion. 50 
[0037] When the wafer is subjected to a heat treat- 
ment in such an atmosphere, the surface of the wafer is 
not adversely affected by the heat treatment. For exam- 
ple, neither OSF nor a film is formed thereon. The heat 
treatment time can be short as at least 30 seconds or 55 
more, so that high productivity can be achieved. 
[0038] In the silicon single crystal wafer after the heat 
treatment performed before epitaxial growth in the sur- 
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face layer portion, the density of the defect having a size 
of 0.135 iim or more in the surface layer can be 0.12 
number/cm 2 or less, and the density of the oxide-precip- 
itates generated by the heat treatment for oxygen pre- 
cipitation in the bulk portion can be 1 x 10 8 number/cm 2 
or more. 

[0039] As described above, in the epitaxial silicon sin- 
gle crystal wafer of the present invention, the density of 
the defect having a size of 0.135 n m or m ore is low as 
0.12 number/cm 2 or less in the surface layer portion. In 
the bulk portion thereof, the density of the oxide precip- 
itates is high as 1 x 1 0 8 number/cm 2 or more, so that the 
crystallinity in the epitaxial layer in the surface layer por- 
tion of the epitaxial silicon single crystal wafer is very 
excellent, and the concentration of heavy metal impurity 
therein is quite low. 

[0040] In the epitaxial silicon single crystal wafer, the 
resistivity of the silicon single crystal wafer can be 0.1 Q 
• cm or more. Accordingly, the wafer can be used as an 
epitaxial silicon single crystal wafer for recently used 
CMOS device, and the productivity thereof is high, since 
the problem of auto-doping hardly occurs. 
[0041] As described above, according to the present 
invention, The silicon wafer in which nitrogen is doped is 
used as a substrate for epitaxial silicon single crystal 
wafer. Accordingly, the gettering effect can be improved 
in the epitaxial silicon single crystal wafer wherein the 
substrate having a high boron concentration. Further- 
more, even when the substrate having low boron con- 
centration is used, there can be easily produced in high 
productivity the epitaxial silicon single crystal wafer 
which has a high gettering effect, a low concentration of 
heavy metal impurity and an excellent crystallinity. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0042] 

Fig. 1 is a graph showing a result of measurement of 
the density of oxide precipitates defects in the wafer 
according to OPP method after epitaxial growth fol- 
lowed by heat treatment for oxygen precipitation in 
Example 1 and Comparative Example 1 . 
Fig. 2 is a graph showing a result of measurement of 
the density of oxide precipitates defects in the wafer 
according to OPP method after epitaxial growth fol- 
lowed by heat treatment for oxygen precipitation in 
Example 2 and Comparative Example 2. 
Fig. 3 is a graph showing a result of measurement of 
crystal defects on the surface after epitaxial growth 
in Example 3. 

Fig. 4 is a graph showing a result of measurement of 
the number of defects on the surface of the wafer 
before and after heat treatment that is performed 
before epitaxial growth in Example 4. 
Fig. 5 is a graph showing a result of measurement of 
the defect density in the bulk portion of the wafer 
before and after heat treatment that is performed 
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before epitaxial growth in Example 4. 
> Fig. 6 is a graph showing a result of measurement of 
good chip yield of TZDB in the wafer after epitaxial 
growth in Example 4. 

Fig. 7 is a graph showing a result of measurement of 
good chip yield of TDD B in the wafer after epitaxial 
growth in Example 4. 

DESCRIPTION OF THE INVENTION AND A PRE- 
FERRED EMBODIMENT 

[0043] The present invention will now be described. 
However, the invention is not limited thereto. 
[0044] The inventors of the present invention have 
found that an epitaxial silicon single crystal wafer having 
high gettering effect, low concentration of heavy metal 
impurity and excellent crystallinity can be produced by 
using a silicon single crystal wafer with high gettering 
effect and high productivity obtained by a technology of 
doping nitrogen during growth of the silicon single crys- 
tal by CZ method as a substrate wafer for production of 
the epitaxial silicon single crystal, and studied various 
conditions, to complete the present invention. 
[0045] Namely, it is indicated that doping of nitrogen in 
silicon single crystal promotes agglomeration of oxygen 
in silicon and increases the density of oxide precipitates 
(T Abe and H. Takeno, Mat. Res. Soc. Symp. Proc. Vol. 
262, 3, 1992). It is considered that the effect can be 
achieved as a result of vacancy agglomeration process 
is transited from homogenous nuclei formation to heter- 
ogeneous nuclei formation. 

[0046] Accordingly, the silicon single crystal having 
high oxide precipitate density can be obtained by grow- 
ing a silicon single crystal by CZ method with doping 
nitrogen, and thus the silicon single crystal wafer having 
very small crystal defect can be obtained by processing 
it. Moreover, when an epitaxial layer is grown on the sil- 
icon single crystal wafer as a substrate, a higher oxide 
precipitate density can be achieved at same oxygen 
concentration, compared to that achieved by using the 
substrate produced without doping nitrogen. As a result, 
an epitaxial layer having extremely low concentration of 
heavy metal impurity defects can be grown. 
[0047] As described above, a silicon single crystal 
wafer produced by doping nitrogen during growth of the 
silicon single crystal has a high gettering capability, 
even though the boron concentration is low. Accord- 
ingly, when the epitaxial layer is grown on the surface of 
the substrate having high resistivity, it is possible to pro- 
duce an epitaxial silicon wafer in which heavy metal 
impurity is removed by gettering. Moreover, when the 
epitaxial layer is grown on the surface of the substrate 
having low boron concentration, auto-doping is not 
caused, and therefore a process for preventing auto- 
doping is not necessary, so that productivity and cost 
performance can be improved. 

[0048] A known method as described in Japanese 
Patent Application Laid-open (kokai) No. 60-251190 



can be used in order to grow a silicon single crystal 
ingot by CZ method with doping nitrogen. 
[0049] Namely, CZ method is a method wherein a 
seed crystal is brought into contact with a melt of poly- 

5 crystalline silicon raw material contained in a quartz 
crucible, and pulled slowly with being rotated to grow a 
silicon single crystal ingot having a desired diameter. In 
the method, nitrogen can be doped in the pulled crystal 
by filling nitride in a quartz crucible in advance, or 

io putting a nitride in a silicon melt, or pulling the crystal in 
an atmosphere containing nitrogen. A doping amount 
can be controlled by controlling an amount of nitride, or 
a concentration or a flowing time of nitrogen gas. 
[0050] When nitrogen is doped during growth of the 

15 single crystal ingot according to CZ method as 
described above, growth of grown-in defect incorpo- 
rated can be suppressed, and aggregation of oxygen 
atoms in silicon can be promoted, and density of oxide 
precipitates can be increased. In the method, it is not 

20 necessary to decrease a pulling rate. Furthermore, the 
method can be easily conducted through use of an 
existing apparatus without requiring installation of any 
other apparatuses, and can produce a silicon single 
crystal in high productivity. 

25 [0051] The reason why doping of nitrogen in silicon 
single crystal promotes agglomeration of oxygen in sili- 
con and increases the density of oxide precipitates is, 
as described above, considered to be that oxygen 
atoms agglomeration process is transited from homog- 

30 enous nuclei formation to heterogeneous nuclei forma- 
tion wherein impurity nitrogen serves as a nucleus. 
[0052] Accordingly, the concentration of nitrogen to be 
doped is preferably 1 x 10 10 atoms/cm 3 or more which 
is an amount that heterogeneous nuclei formation can 

35 be caused sufficiently. The density of oxide precipitates 
can be thereby increased sufficiently. 
[0053] When the concentration of nitrogen is more 
than 5 x 10 15 atoms/cm 3 which is solid solubility of nitro- 
gen in silicon single crystal, crystallization of silicon sin- 

40 gle crystal itself is inhibited. Accordingly, the 
concentration is preferably not more than the value. 
[0054] Furthermore, the nitrogen concentration is 
preferably 1 x 10 13 to 1 x 10 14 atoms/cm 3 . When the 
nitrogen concentration is 1 x 10 13 atoms/cm 3 or more, 

45 nuclei of oxygen precipitation which is stable at higher 
temperature can be surely formed in the as-grown state. 
Accordingly, even when the epitaxial growth is per- 
formed at high temperature, for example, 1000°C or 
more, nuclei of oxygen precipitation are not eliminated, 

so so that a epitaxial wafer having a density of oxide pre- 
cipitates of 1 x 10 8 number/cm 3 or more after the heat 
treatment for oxygen precipitation can be surely pro- 
duced. When the nitrogen concentration is 1 x 10 14 
atoms/cm 3 or less, formation of crystal defects such as 

55 the stacking fault (SF) or the like on the epitaxial layer 
can be extremely suppressed. 

[0055] Although the amount of nuclei of oxygen pre- 
cipitation in the as -grown state cannot be measured 
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directly, it can be evaluated by measuring a density of 
oxide precipitates after the heat treatment for oxygen 
precipitation. 

[0056] An oxygen concentration contained in a single 
crystal ingot is preferably 18 ppma or less, when a sili- 
con single crystal ingot is grown by CZ method with 
doping nitrogen. 

[0057] When the oxygen concentration in the silicon 
single crystal is more than 18 ppma, defects such as 
oxide precipitates or the like which lowers crystallinity of 
the epitaxial layer are apt to be formed in the surface 
layer of the silicon single crystal. Accordingly, formation 
of oxide precipitates can be prevented when the oxygen 
concentration is low as described above, so that the 
crystallinity of the epitaxial layer is not adversely 
affected. In the bulk portion, oxygen precipitation is 
accelerated by the presence of nitrogen, so that suffi- 
cient gettering effect can be achieved even when the 
oxygen concentration is low. 

[0058] The oxygen concentration contained in the 
crystal can be lowered in the above range by a conven- 
tional method, when a silicon single crystal ingot is 
grown. For example, the oxygen concentration can be 
easily controlled in the above mentioned range by 
reducing the number of rotation of a crucible, increasing 
gas volume of flowing, lowering an atmosphere pres- 
sure, controlling temperature distribution and/or convec- 
tion of a silicon melt or the like. 

[0059] The silicon single crystal ingot wherein nitro- 
gen is doped in a desirable concentration, only a few 
crystal defects are present and oxygen is contained in a 
desirable concentration in CZ method can be thus 
obtained. After it is sliced by a general method with a 
slicing apparatus such as an inner diameter blade slicer, 
a wire saw or the like, it is subjected to processes such 
as chamfering, lapping, etching, polishing or the like to 
be a silicon single crystal wafer. Of course, such proc- 
esses are merely examples, and other processes such 
as cleaning, heat treatment or the like can be con- 
ducted, and the process can be changed appropriately 
depending on the purpose, namely, order of processes 
can be changed, and some processes can be omitted. 
[0060] It is preferable that the silicon single crystal 
wafer is subjected to a heat treatment of from 900 °C to 
a melting point of silicon before the epitaxial growth is 
performed. It will be possible to out-diffuse nitrogen or 
oxygen in the surface layer of the silicon single crystal 
wafer by conducting the above heat treatment before 
the formation of the epitaxial layer. 
[0061] The out-diffusion of nitrogen is performed in 
order to prevent precipitation of oxygen in the area of 
the surface layer of the silicon single crystal where the 
epitaxial layer is formed, due to oxygen precipitation 
acceleration effect of nitrogen, and thereby prevent for- 
mation of defects which affect adversely to the crystal- 
linity of the epitaxial layer (for example, generation of 
SF). 

[0062] In this case, since a diffusion rate of nitrogen in 



silicon is quite high, nitrogen on the surface can be 
surely out<liffused by performing the heat treatment. 
Specific condition of the heat treatment is a temperature 
of 900°C to a melting point of silicon, preferably a tem- 

5 perature of 1 100°C to 1250°C. 

[0063] The heat treatment at a temperature in the 
above mentioned range makes it possible to out-diffuse 
nitrogen sufficiently in the surface layer of the silicon 
single crystal wafer, and to out-diffuse oxygen at the 

w same time, so that generation of defects due to oxide 
precipitate in the surface layer can be prevented almost 
completely, and adverse influence to crystallinity of the 
epitaxial layer can be prevented. 
[0064] When the concentration of nitrogen is low, if the 

is above-mentioned heat treatment is not performed 
before the epitaxial growth and high temperature heat 
treatment for epitaxial growth is directly performed, 
nuclei of oxygen precipitation is dissolved, and precipi- 
tation is not sufficiently generated even if the heat treat- 

20 ment is performed after then, as a result, the gettering 
effect cannot be achieved in some cases. However, if 
the heat treatment described above is performed before 
the high temperature heat treatment for epitaxial 
growth, gettering effect can be achieved on formation of 

25 the epitaxial layer, and the epitaxial silicon single crystal 
wafer having quite low concentration of heavy metal 
impurity can be obtained. 

[0065] As the heat treatment atmosphere, hydrogen 
gas, an inert gas such as argon gas or the like, or a 

30 mixed atmosphere thereof may be selected. Further- 
more, an oxygen atmosphere may be selected in some 
cases. However, when the heat treatment is performed 
in an oxygen atmosphere, nuclei of OSF in the surface 
layer of the wafer may be grown under a certain condi- 

35 tion of the heat treatment, or an oxide film may be 
formed on the surface. When the oxide film is formed on 
the surface, the step for removing the oxide film is nec- 
essary Accordingly, it is preferable to use an atmos- 
phere such as hydrogen, argon or the like in which the 

40 film is not formed. 

[0066] As an apparatus for the heat treatment, when 
the heat treatment is performed for a relatively short 
time as 5 minutes or less, there can be used a rapid 
heating/rapid cooling apparatus using, for example, a 

45 lamp heating type apparatus which is known as RTA 
(Rapid Thermal Annealing) apparatus or an epitaxial 
growth apparatus to conduct the heat treatment and 
epitaxial growth successively, and thereby high produc- 
tivity is achieved. When the heat treatment is performed 

so for a relatively long time, batchwise heat treatment is 
efficiently performed using a heat treatment furnace 
which is heated by a heater, and can subject dozens or 
more of wafers to the heat treatment. 
[0067] According to the present invention, a substrate 

55 with a low boron concentration having a resistivity of 10 
CI • cm can be used as a substrate for epitaxial silicon 
single crystal wafer instead of a substrate with a high 
boron concentration. In such a substrate having low 
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boron concentration, there is not caused a problem of 
auto-doping, and therefore, it is not necessary to per- 
form the treatment such as CVD coating of the back sur- 
face of the substrate with Si0 2 or the like. Accordingly, 
productivity and cost performance can be improved. 
[0068] In the bulk portion of the silicon single crystal 
wafer, oxygen precipitation is accelerated due to pres- 
ence of nitrogen, so that high gettering effect can be 
achieved. Even when the silicon single crystal wafer 
having low boron concentration is used, sufficient get- 
tering effect can be achieved. Accordingly, the epitaxial 
layer having little heavy metal impurity defects can be 
formed on the substrate having high resistivity. 

[Example] 

[0069] The following examples and comparative 
examples are being submitted to further explain the 
present invention. These examples are not intended to 
limit the scope of the present invention. 

(Example 1, Comparative Example 1) 

[0070] In accordance with CZ method, polycrystalline 
silicon raw material to which boron was added in a pre- 
determined amount was charged into a quartz crucible 
having a diameter of 18 inches, six silicon single crystal 
ingots of p-type having a diameter of 6 inches and orien- 
tation < 100 ) were pulled at a pulling rate of 1 .0 mm/min 
which is a general pulling rate. Four of them were pulled 
while a wafer with a silicon nitride film is previously 
charged raw material. Other two of them were pulled 
without doping nitrogen. The number of rotation of the 
crucible was controlled so that oxygen concentration in 
the single crystal may be 1 6 ppma (JEIDA) when pulling 
any of them. 

[0071] Nitrogen concentration in the tail part of each 
of two of the four crystal ingots in which nitrogen was 
doped as measured with FT-IR was 1.0 x 10 14 
atoms/cm 3 on the average, and nitrogen concentration 
as for the other two ingots was 5.0 x 10 14 atoms/cm 3 on 
the average (segregation coefficient of nitrogen is very 
small, concentration in the straight body of the crystal 
ingot will be lower than the value). Oxygen concentra- 
tion of all crystal ingots as measured with FT-IR was 16 
ppma in all of the six single crystal ingots. 
[0072] The wafers were sliced from the six single crys- 
tal ingots thus obtained with a wire saw, and subjected 
to chamfering, lapping, etching, and mirror polishing. All 
of them were produced in almost the same condition 
except that nitrogen is doped or not and the doping 
amount thereof. Three kinds of six silicon single crystal 
mirror polished wafers having a diameter of 6 inches 
were produced. The resistivity of the six silicon single 
crystal wafer was measured. All of them have resistivity 
of 10Q • cm. 

[0073] The six as grown silicon single crystal wafers 
thus obtained having the three steps of the nitrogen 
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doping amount were subjected to the heat treatment. 
An epitaxial layer having thickness of Sum was grown 
each at 1200°C on one of two silicon wafer having the 
same nitrogen doping amount, and at 1125°C on the 

s other of them. The furnace for epitaxial growth consists 
of a cylinder type belljar and a susceptor placed therein 
on which a silicon substrate is mounted. Heating was 
performed in a radiation heat method. Epitaxial layer 
was formed on the silicon wafer by introducing SiHCI 3 + 

io H 2 therein. 

[0074] All of the silicon single crystal wafers were sub- 
jected to the heat treatment at 800 °C in an atmosphere 
of nitrogen for 4 hours, and then the heat treatment at 
1000 °C for 16 hours in 0 2 gas atmosphere to precipi- 

is tate oxide precipitates. The gettering effect of each of 
the resultant epitaxial silicon single crystal wafers was 
then evaluated by means of a density of the oxide pre- 
cipitates in the bulk portion of the silicon wafers. 
[0075] The density of the oxide precipitates was 

20 measured by OPP (Optical Precipitate Profiler) method. 
The OPP method is an applied method of Normalski 
type differential interference microscope. In the method, 
laser beam from light source is separated to two orthog- 
onal polarized straight beams of which phases are 90 

25 degree different from each other through use of a polar- 
izing prism, which then enter the wafer from the side of 
mirror polished surface. At this time, when one. of the 
beams crosses a defect, phase shift occurs to form 
phase contrast with the other beam. The defect is 

30 detected by detecting the phase contrast with a polari- 
zation analyzer after the beams transmit from the back 
surface of the wafer. 

[0076] The results thus obtained are shown in Fig. 1 . 
In Fig.1, the density of oxide precipitate defect of the 

35 wafer treated without doping nitrogen, with doping nitro- 
gen at a doping amount of 1.0 x 10 14 atoms/cm 3 , with 
doping nitrogen at a doping amount of 5.0 x 10 14 
atoms/cm 3 were shown from the left. The circular plots 
show the density of oxide precipitate defect when the 

40 epitaxial growth was performed at 1200°C, the triangle 
plots show the density of oxide precipitate defect when 
the epitaxial growth was performed at 1 125°C. 
[0077] As shown in Fig.1 , high density of the oxide 
precipitates could be achieved either at an nitrogen dop- 

45 ing amount of 1.0 x 10 14 atms/cm 3 or at 5.0 x 10 14 
atoms/cm 3 , regardless of the temperature during epi- 
taxial growth, namely, high gettering effect could be 
achieved. When nitrogen was not doped, density of the 
oxide precipitates was low, and gettering effect was 

so small in each case. 

[0078] In other words, nuclei of oxygen precipitation 
which are present in the as-grown state are not elimi- 
nated in the wafer in which nitrogen is doped, even 
when high temperature epitaxial growth at 1100°C or 

55 more was performed, so that there can be surely pro- 
duced the epitaxial wafer in which high density of oxide 
precipitate can be formed by the heat treatment for oxy- 
gen precipitation. 
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(Example 2, Comparative Example 2) 

[0079] In accordance with CZ method, in a similar way 
to the method of Example 1 , silicon single crystal ingots 
of p-type (boron doped) having a diameter of 8 inches s 
and orientation (100) were pulled at a pulling rate of 
1.0 mm/mi n and 1.8 rnm/min. They were pulled with 
controlling the amount of a wafer with a silicon nitride 
film previously charged so that nitrogen concentration 
may be 5 x 10 12 ,5 x 10 13 , 1 x 10 14 , 5 x 10 14 atoms/cm 3 . io 
In Comparative Example, the single crystal ingot was 
pulled at 1.0 mm/min without doping nitrogen. The sili- 
con single crystal mirror wafer having various nitrogen 
concentration were produced from the resultant single 
crystal ingots having various nitrogen concentration. 75 
Any of the resultant silicon single crystal mirror wafer 
had resistivity of about 1 0 O • cm and oxygen concen- 
tration of 10.5 to 17.5 ppma (JEIDA). 
[0080] Then, hydrogen bake was performed at 
1150°C for one minute, followed by silicon epitaxial 20 
growth at 1 170°C to form an epitaxial layer having thick- 
ness of 3 ^m. 

[0081] The heat treatment for oxygen precipitation and 
measurement of density of the oxide precipitates were 
performed in the same method as that of Example 1 . 25 
The results are shown in Fig.2. 

[0082] As shown in Fig.2, nuclei of oxygen precipita- 
tion which are present in the as-grown state are not 
eliminated in the wafer in which nitrogen is doped, even 
when high temperature epitaxial growth at 1000°C or 30 
more, and oxide precipitates were surely formed by heat 
treatment for oxygen precipitation as Example 1 . In the 
figure, "1.0E + 10" means 1.0 x 10 10 . 

(Example 3) 35 

[0083] In accordance with CZ method, in a similar way 
to the method of Example 1 , silicon single crystal ingots 
of p-type (boron doped) having a diameter of 8 inches 
and orientation <100) were pulled at a pulling rate of 40 
1.0 mm/min and 1.8 mm/min. They were pulled with 
controlling the amount of a wafer with a silicon nitride 
film previously charged so that nitrogen concentration 
may be 1 x 10 13 to about 1 x 10 15 atoms/cm 3 . The sili- 
con single crystal mirror wafers having various nitrogen 45 
concentration were produced from the resultant single 
crystal ingots having various nitrogen concentration. 
Any of the resultant silicon single crystal mirror wafer 
had resistivity of about 10 O • cm and oxygen concen- 
tration of 10 to 18 ppma (JEIDA). so 
[0084] Then, hydrogen bake was performed at 
1130°C for one minute, followed by silicon epitaxial 
growth at 1090°C to form an epitaxial layer having thick- 
ness of 15 jim. 

[0085] The density of crystal defects such as stacking 55 
faults (SF) on the surface after the epitaxial growth was 
measured with SP1 (bland name, manufactured by KLA 
TENCOR CORPORATION). The results were shown in 



Fig.3. 

[0086] The epitaxial wafers were then subjected to the 
heat treatment for oxygen precipitation and the'density 
of the oxide precipitates was measured in the same way 
as Example 1. it was found that any of the wafers- had 
the density of the oxide precipitates of 1 x 10 8 
number/cm 3 or more. 

[0087] It was found from these results that when the 
nitrogen concentration is 1 x 10 13 to 1 x 10 14 
atoms/cm 3 , the silicon epitaxial wafer wherein the 
number of crystal defects on the epitaxial layer on the 8 
inch wafer was 100 number or less, which corresponds 
to a defect density of about 0.3 number/cm 2 and a den- 
sity of the oxide precipitates is 1 x 10 8 number/cm 3 can 
be surely obtained. (Example 4) 
[0088] In accordance with CZ method, in a similar way 
to the method of Example 1 . silicon single crystal ingots 
of p-type (boron doped) having a diameter of 6 inches 
and orientation < 100) were pulled at a pulling rate of 
1.0 mm/min. They were pulled with controlling the 
amount of a wafer with a silicon nitride film previously 
charged so that nitrogen concentration may be about 5 
x 10 14 atoms/cm 3 . Any of the resultant silicon single 
crystal mirror wafer had resistivity of about 10 Q • cm 
and oxygen concentration of 16 ppma (JEIDA). 
[0089] Then, the heat treatment before epitaxial 
growth was performed through use of SHS-2800 manu- 
factured by Steag Microtech International corporation, 
RTA (Rapid Thermal Annealing) apparatus which is a 
lamp heating type apparatus. The heat treatment was 
performed at 1200°C for 0 to 3600 seconds in an atmos- 
phere of 25% of H 2 and 75 % of Ar. When the heat treat- 
ment was performed for more than 60 seconds, it was 
performed in such way that the heat treatment for 60 
seconds was performed repeatedly until sum of the 
period reaches a predetermined value. 
[0090] The number of defects on the surface of the 
wafer before and after the heat tretament (a defect size 
of 0.135 pm or more) was determined through use of 
HITACHI SEISAKUSHO OSDA (Optical Shallow Defect 
Analyzer), and shown in Fig. 4. The wafer before epitax- 
ial growth was subjected to the heat treatment for oxy- 
gen precipitation in the same manner as Example 1 . 
The density of the defects in a bulk portion of the wafer 
at a depth of 30 |jm was determined through use of non 
destructive inspection apparatus OPP (Optical Precipi- 
tate Profiler) manufactured by Bio-Rad corporation, and 
the results were shown in Fig. 5. It is apparent from the 
results shown in Fig. 4 and Fig.5 that the defects in the 
surface layer can be surely decreased by the anneal 
treatment for 30 seconds or more. There is caused no 
significant difference in BMD density which contributes 
to gettering effect. Namely, by the heat treatment before 
the epitaxial growth, there can be produced the wafer 
wherein the size of defects in the surface layer portion is 
0.135 pm or more, the number of defects in 6 inch wafer 
is 20 or less, and the density of defects is about 0.12 
number/cm 2 or less, and density of the oxide precipi- 
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tates formed by the heat treatment for oxygen precipita- 
tion is 1 x 10 s number/cm 3 or more. 
[0091] Then, hydrogen bake was performed at 
< 1130°C for one minute, followed by silicon epitaxial 
growth at 1090°C to form an epitaxial layer having thick- 
ness of 15 jam. The oxide dielectric breakdown voltage 
characteristics (TZDB property and TDDB property) 
were then measured. The results were shown in Fig.6 
and 7. 

[0092] The good chip yield of TZDB (Time Zero Die- 
lectric Breakdown) shown in Fig.6 was a yield of the arti- 
cle having a oxide dielectric breakdown voltage of 8 
MV/cm or more as measured at a gate oxide film thick- 
ness of 25 nm, a gate area of 8 mm 2 , current density in 
decision of 0.01 mA/cm 2 , and at a room temperature. 
[0093] The good chip yield of TDDB (Time Dependent 
Dielectric Breakdown) shown in Fig. 7 was a yield of the 
article having a oxide dielectric breakdown voltage of 25 
C/cm 2 or more as measured at a gate oxide film thick- 
ness of 25 nm, a gate area of 4 mm 2 , sending stress 
electric current of 0.01 mA/cm 2 , and at a room temper- 
ature. 

[0094] It is apparent from the results shown in Fig.6 
and Fig. 7 that the good chip yield can be surely 
improved at time of the heat treatment before the epitax- 
ial growth of 30 seconds or more, and the good chip 
yield is 95 % or more at the heat treatment time of 120 
seconds or more. 

[0095] The present invention is not limited to the 
above-described embodiment. The above-described 
embodiment is a mere example, and those having the 
substantially same structure as that described in the 
appended claims and providing the similar action and 
effects are included in the scope of the present inven- 
tion. 

[0096] For example, when the silicon single crystal 
ingot in which nitrogen is doped is grown according to 
the present invention by Czochralski method, a mag- 
netic field may be applied or not. The term of Czochral- 
ski method also means not only general Czochralski 
method, but also so-called MCZ method. 
[0097] Furthermore, the present invention can be 
applied to not only a method wherein epitaxial growth is 
conducted by CVD, but also a method wherein epitaxial 
growth is conducted by MBE (Molecular Beam Epitaxy) 
to produce an epitaxial silicon single crystal wafer. 

Claims 

1. A method for producing an epitaxial silicon single 
crystal wafer characterized in that a silicon single 
crystal ingot in which nitrogen is doped is grown by 
Czochralski method, and the resultant silicon single 
crystal ingot is sliced to produce a silicon single 
crystal wafer, and then an epitaxial layer is formed 
in the surface layer portion of the resultant silicon 
single crystal wafer. 



2. The method for producing an epitaxial silicon single 
crystal wafer according to Claim 1 characterized in 
that a concentration of nitrogen doped in the single 
crystal ingot is in the range of 1 x 10 10 to 5 x 10 15 

5 atoms/cm 3 when the silicon single crystal in which 

nitrogen is doped is grown by Czochralski method. 

3. The method for producing an epitaxial silicon single 
crystal wafer according to Claim 1 or 2 character- 

w ized in that a concentration of nitrogen doped in the 
single crystal ingot is in the range of 1 x 10 13 to 1 x 
10 14 atoms/cm 3 when the silicon single crystal in 
which nitrogen is doped is grown by Czochralski 
method. 

15 

4. The method for producing an epitaxial silicon single 
crystal wafer according to any of Claims 1 to 3 char- 
acterized in that an interstitial oxygen concentration 
contained in the single crystal ingot is 18 ppma or 

20 less when the silicon single crystal in which nitro- 
gen is doped is grown by Czochralski method. 

5. The method for producing an epitaxial silicon single 
crystal wafer according to any of Claims 1 to 4 char- 
ts acterized in that the silicon single crystal wafer is 

subjected to the heat treatment of from 900 °C to a 
melting point of silicon before the epitaxial layer is 
formed in the surface layer portion of the silicon sin- 
gle crystal wafer. 

30 

6. The method for producing an epitaxial silicon single 
crystal wafer according to Claim 5 characterized in 
that the heat treatment is performed in an atmos- 
phere of hydrogen, inert gas or a mixed atmos- 

35 phere thereof, for at least 30 seconds. 

7. The method for producing an epitaxial silicon single 
crystal wafer according to any of Claims 1 to 6 char- 
acterized in that a resistivity of the silicon single 

40 crystal wafer is 0.1 O. • cm or more. 

8. An epitaxial silicon single crystal wafer produced by 
a method according to any of Claims 1 to 7. 

45 9. An epitaxial silicon single crystal wafer which is 
obtained by forming an epitaxial layer in a surface 
layer portion of the silicon single crystal wafer man- 
ufactured by slicing a silicon single crystal ingot 
grown by Czochralski method with doping nitrogen. 

50 

10. The epitaxial silicon single crystal wafer according 
to Claim 9 characterized in that a nitrogen concen- 
tration is 1 x 10 10 to 5 x 10 15 atoms/cm 3 . 

55 11. The epitaxial silicon single crystal wafer according 
to Claim 9 or 10 characterized in that a nitrogen 
concentration is 1 x 10 13 to 1 x 10 14 atoms/cm 3 . 
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12. The epitaxial silicon single crystal wafer according 
to Claim 1 1 characterized in that a defect denstiy on 
the surface of the epitaxial layer is 0.3 number/cm 2 
or less. 

5 

13. The epitaxial silicon single crystal wafer according 
to any of Claims 9 to 12 characterized in that an 
interstitial oxygen concentration contained in the 
single crystal ingot is 18 ppma or less when the sil- 
icon single crystal in which nitrogen is doped is w 
grown by Czochralski method. 

14. The epitaxial silicon single crystal wafer according 
to any of Claims 9 to 1 3 characterized in that the sil- 
icon single crystal wafer contains the nuclei of the is 
oxygen precipitation in the as-grown silicon single 
crystal ingot in such an amount that the density of 
oxide precipitates formed by the heat treatment for 
oxygen precipitation after epitaxial growth is 1 * 10 s 
number/cm 3 or more. 20 



15. The epitaxial silicon single crystal wafer according 
to any of Claims 9 to 1 4 characterized in that the sil- 
icon single crystal wafer is subjected to the heat 
treatment at a temperature in the range of from 900 25 
°C to a melting point of silicon before the epitaxial 
layer is formed in the surface layer portion thereof. 

16. The epitaxial silicon single crystal wafer according 

to any of Claims 9 to 1 5 characterized in that the sil- 30 
icon single crystal wafer is subjected to the heat 
treatment in an atmosphere of hydrogen, inert gas 
or a mixed atmosphere thereof, for at least 30 sec- 
onds before the formation of the epitaxial layer on 
the surface layer portion. 35 

17. The epitaxial silicon single crystal wafer according 
to Claim 15 or 16 characterized in that, in the silicon 
single crystal wafer after the heat treatment per- 
formed before epitaxial growth in the surface layer 40 
portion, the density of the defect having a size of 
0.135 jim or more in the surface layer is 0.12 
number/cm 2 or less, and the density of the oxide 
precipitates generated by the heat treatment for 
oxygen precipitation is 1 x 10 8 number/cm 2 or 45 
more. 



18. The epitaxial silicon single crystal wafer according 
to any of Claims 9 to 17 characterized in that a 
resistivity of the silicon single crystal wafer is 0.1 O so 
• cm or more. 
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